Quantum-mechanical descriptions of arrays of Josephson weak links often invoke electric-field-energy storage in the weak-link capacitors. However, such quantum-electrodynamic mechanism is by no means a requirement for the notion of macroscopic quantum-mechanical wave functions for the array as a whole. These statements are illustrated for the phenomena of "quantum-mechanical phase locking" in one-and two-dimensional arrays in electromagnetic fields.
I. INTRODUCTION
Arrays of Josephson weak links are both of theoretical and experimental importance. ' Apart from the tunneling of electron pairs through the weak links, the dynamics of arrays are usually treated from a classical electrodynamic viewpoint. For the case in which the weak link capacitance is sufficiently small, a quantum electrodynamic viewpoint is required since the electric field energy stored in the capacitors can be quite substantial.
However, such electromagnetic field energy storage is by no means a requirement for quantum mechanical effects to be made manifest in experimental systems.
Our purpose is to illustrate the above statements by discussing the phenomena of "quantum mechanical phase locking" in one-and two-dimensional arrays, here neglecting capacitive electric field energy storage. Nevertheless, it will be shown how the phenomena of "phase locking" can be understood on the basis of macroscopic quantum wave functions for the array as a whole. By "phase locking" we here mean 
where b is the distance between neighboring grains. The electron pair glides along the one-dimensional array with a group velocity (using the position operator nb =iB/Bk) of where (9 is the phase difference in the superconducting order parameter across each weak link. Comparing Eqs. (3) and (9) (5) is given by (17) Note that the quantum mechanical nature of 0 and P in Eq. (16), i.e. , the uncertainty principle forbids the notion that the square array can exhibit phase locking both between rows and columns when a magnetic field B is applied. This magnetic field induced "quantum frustration" in locking both 0 and P is merely a consequence of the macroscopic Schrodinger equation (18) we find that Nfiv[ , '(a-"+, +a-", )+a"cos(nqBb /Pic)]=Ea". (20) Our "quantum frustration" energy Eq. (20) 
